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= (54) Title: METHOD AND SYSTEM FOR ENHANCED ACCESS TO A SUBTERRANEAN ZONE 




(57) Abstract: A system for enhanced 
access to subterranean zone from the 
surface includes a well bore pattern 
(100) having a first well bore (104) 
extending from a surface well bore 
substantially defining a first end of 
the area in the subterranean zone to a 
distant end of the area; The pattern also 
includes a plurality of lateral well bores 
(110) extending outwardly from the first 
well bore. The distance from an end of a 
lateral well bore to the surface well bore 
may be configured to be substantially 
equal for each of the lateral well bores 
to facilitate forming the lateral well 
bores. The system and method may 
also include nesting two or more well 
bore patterns within the subterranean 
zone to provide uniform coverage of 
the zone. Additionally, the system 
and method may include multiple well 
bore patterns in communication within 
common surface well bore to reduce the 
surface area required for accessing the 
subterranean zone. 
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METHOD AM) SYSTEM FOR ENHANCED ACCESS , 
TO A SUBTERRANEAN ZONE :: 

XEn arKTTr '^ tttrt T) OF THE INVENTION : ^ ■ 

The present invention relates generally to the field of subte^rrane^ exploration and 
drilling and, more particularly, to a method and system for enhanced access to a 
subterranean zone. -. . ; 

■•• 5 - ; 'V : ■ • ■■■ ■ ■ - ■-: . . 

1 fiACkGROUN^ r>T?^ INVENTION -fe, O -w. y; 

".•*>?■ subterranean deposits of coal, whether of ^ard" coal such as anthracite or "soft*! 

• coal^ 

gas : Limited produbtioh and use of methane gas from coal deposits has occurred for many 
^ years ' Substanlial obstacles, however, have frustrated more extensive deyelppment and 
: use of methane gas deposits in coal seams. The foremost problem in producing methane 
gas from coal seams is that while coal seams may extend over large areas,up,to several 
thousand acres, me cbal seams arc fairly shallow in depth, varying from a few inches to 
^ several ^fets. ^t^oto ^f*^ 

H % e lls^ 

^ ); &^4 and omer meMds often u^ production from rock 

M y* fotoafions. As a result, once the gas easily dramed from a veriical. weU.bore in a coal 
seam is produced, further production is limited m volume. . Additionally, coal seams are 
20 often associated with subterranean water, which must be drained, from the coal seam m 

" • order to prdduce ttie iribthane; ; K ; c 

Horizontal oMlling patterfis have been tried m order to. e^ 

v sea M exposed to a drills 
- - however 5 require the use of a radiused well bore which presents, difficulties in rcmovmg 
the entrained Water *from the coal seam. The most efficient method for pumpmg water 
from a subterranean well, a sucker rod pump, to**^******^.***^ 



25 

bores. 
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Additidnffly^ prior systems generally require, a fairly 1^ and level surface area 
from which to work. As a result^ prior methods caiinot be used in Appalachia and other 
very hilly terrain where the largest flat land area may be a wide roadway. Thus, less 
effective methods must be used, leading to prbductipn dolays that, add to the expense 
5 asstk:iated with - :->;. -v.--.-. 

SUMMARY OF THE INVENTION 

The present invention provides a method and system for accessing subterranean 
zones from a limited surface area that • substantially eliminates or reduces the 
10 : " ' disadvantages and problems as^^ In particular, 

ah ^cuiated welllb cavity 
^elteinc^nmn^ 

provide access to £ large subterranean aroat while the cayijy wells allow. -pntrained water* 
^ hydrocarbons, and other deposits collected by the ; well bore pattern to be efficiently 
15 removed and/or^^^ /: • 

In accordance with one embodiment of the present invention, a s^terranean well 
bore pattern Tor accessing an area of a subterranean zone from the surface includes a first 
j - weM bore (extending from a surface well bore siubstantiaUy 4e&ung a first :£n4 of the area 
in the siibterraiiean zone to a distent end p£the area^l^ 
20 of lat^al Wellb^ 

^e coiifigured such that a distance from an end of a lateral well bore to the surface well 
bore is subst^tially^ual for each of the lateral well bores. s 

In accordance with another (Wbodiment of the present invention, a method for 
accessing a subterranean zone from the surface includes forming a first well bpre pattern 
25 in the form of a first substantially quadrilateral ^ea. r The first well bore pattern extends 
from a surface ^ second well bore pattern in 

the foriii of a second substantially quadrilateral area. The second well bore pattern also 
extends from the surface Well bore. The first and second well bore patterns are arranged 
such that a first side of the first quadrilateral area is disposed substantially in common with 
30 a first side of the second quadrilateral area. 
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In accordance with another embodiment of the present invention, a system for 
<- accessing a subterranean zonfe from the surface includes a surface well bore extending 

- from-me surface to the sufeterrane^ zone. The system also i^ a plurality of well 

- . bore patterns disposed within the subterranean zone each extending m a different direction f 
5 from the surface well bore, The pluraUty of well bore patterns are symmetripally disposed 

about me surface well b'ore. ■ •"• v : ' - , 

In accordance with yet anomer embodiment o|the present ^ mve^on^a- n^thod for 
• accessing a subtettanean zone from the surface includes forming a first well bore pattern . 
M ^extending front a tot surface^we^bore and disposed within the subterranean zone. The 
10 method- also includes forming a second weUJbore pattern extending from a second surface 
%ell' bore' and disposed within foev subterranean zone, ^hei« and second,weU bore 
< tn- patterns are Manged-to nest adjacent;each other within the subterranean zone. = 

Technical advantages of the present invention include providing an improved 
method and system for aeceSsin r subterranean zones from, a limited area on the surface. 
15 In one embodiment, a plurality of well bore patterr^ are drilled; in , a target zone from a ; 
common articulated surface well in close proximity to a corresponding number of cavity 
wells: .The well bore patterns are interconnected to. the .cavity wells ; through which . 
entrained water, hydrocarbons, and other, fluids drained from the target, zone, can be 
efficiently removed and/or produced. As a result, gas, oil, and other fluids from a large, 
20 low pressure or low porosity formation can be : efficiently produced #. a h^te^arej on the, 
v surface.- Thus, gas may be recovered from formations .underlying rough topology. In 
O- addiuon, environmental impact is minimized- as the area, to be clewed and used is 

minimized; - v • •**•«:' ' ■"•'=*•■ «• . " ' '■" 

Yet another technical advantage of the present invention includes providing an 
25 improved method and system for preparing a coal seam or other subterranean deposit for 
'■&> mining arid for collecting gas from the seam after mining operations; fo particular, cavity 
wells and an articulated well are used to degasify a coal seam prior fo inining operations. 
This reduces both needed surface area and underground equipment and activities. This 
also reduces the time needed to degasify the seam, which mmimizes shutdowns due to 
30 high gas content. In addition, water and additives may be pumped into the degasified coal 
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seam through the combm&i well prior toi mining operations to minimize du$t and other 
hazardous conditddns, improve efficiency of the mining; process, and improve the quality 
of the coatl product. After mining, the combined well is Used to collect ^ob gas. As a 
result, cdsfe Associated wth lhe^ c^^ or make 

5 feeble the cbllectibri: of gob g 

Another technical advantage of the present invention includes a ^ptt;and inethod 
for enhanced access tosubter^inean zones ftom a limited surface ^area^nestrng well bore 
patterns withiii the subteri^aneaa zone. For example; in one eiiibodiment Q : f : th^p^sent 
inveiitioh, each weU bore patteirn may. be formed to access a generally < quadrilateral 
10 - configured arda of the z^^^ 
together to^^ 

well bore pattern maylBd formed iom two dr inore well bore sub-patteriis. The well bore 
sub-patterns gener^Uy comprise two or more discreet well bore patterns hi coinmunication 
with a common surface weU bore. Thus, a variety of different shaped wellTbpre patterns 
15 •••• : ^y'he-f^©ai^di'ii^ed ; together to ob^ jntftatf.ftiid optimum coverage; of a 
particular subteri-aneatn zone. >vr\ : ( 

Othei: techiiical advantages of the present invention will be readily apparent to one 
skilled in the art firom the follo^g figures, description^ iand cl#ms: 

20 BIOEF EiESCRIPTIQN QF THE DRAWBSTGS r , ^ i , 

\For a more complete understanding of the present invention and its advantages, 
reference is now made to m following description ^ the 
accompanying drawings, wherein like numerals represent like parts, in which; .... . 

FIGURE 1 is a diagram illustrating a cross-sectional view of a system for enhanced 
25 access to a subterranean zonfc in accordance with an embodiment of the p^s^invention^ 
FIGURE 2 is a diagram Dlustrating a cross-sectional view of a\ system for 
enhanced access to a subterranean: zone in accordance with another embodiment of the 
present invention; ; • 
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v FIGURE 3 is a diagram illustrating a cross-sectional view of a system for 
enhanced access to a subterranean zone in accordance with another embodiment of the 

pteseht mvention; : . • 

Fi©UBB4is a diag^n>ist^ting apVm.vie V ^*^.^P^.^.»?^^ 
5 : a subterranean^^ embomment of the present invention;. ' 

;? FIGURE S is a diagram illustrating a tri-pinriate well bore pattern for accessing a 

subterranean zone in accordance with m embodiment of represent invention; .. 
^••>- - FIGURE 6 is a diagram; iUustratihg an -ah'gnrnent V ^. 9 l^^P^^^ 
bore pattern illustrated in FIGURE 5 in accordance with an embodiment of the present 

10 invention; ■ .: ; ;:; W ' \ '/ >.'.■" '■; ■■[■.■ : U" : H '■ :'- . "'"''>. 

? » v FIGURE 7A is . a diagram illustrating a cros?-sectional view of a system for 
r •-, enhanced access -to a subterranean zone in accordance wim anomer embodiment of the 

■ present invention;- « :J - . '.(••".- ': ; : !; - : -\ 

i FIGURE 7B is a diagram illustrating a plan view of the system for enhanced 

15 , access to a subterranean, zone iUustrated in FIGURE 7A in accordance, with an 
, embodiment of the present invention; ;•; ; . ,.• •- v<%,. 

t : FIGURE 8 is a diagram iUustrating a plan yiew ; of a^ejl bore pattern for^accessing 

a subterranean zone in accordance with anomer embodiment of me presen^ 

FIGURE 9 is a.diagram illustrating apian view of a well bore pattern for accessing 
20 ha subterranean zone in accordancewith another embo^n^p^P^^f^ ™* 
FIGURE 10 is a flow diagram illustrating a- method for enhanced access to a 

^ subterranean zone ma^ 

;;v^ rurrATT FT) DF.SCRIPTTON OF THE INVENTION :,. 

25* FIGURE 1 is a diagram Mustering a.system 10 for enhanced access to a 

■AZ subterranean zone from a limited surface area in accordance with an embodiment of the; 
present invention. In this embodiment, the subterranean. zone is a coal seam. It will be 
understood that other types of zones and/or other types of low pressure, ultra-low pressure, 
and low porosity subterranean resources can be similarly accessed using the present 
30 invention to remove and/or produce water, hydrocarbons and other fluids from the 
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resource, to treat minerals in the resource prior tov mining operations,: or to inject or 
introduce a gas, fluid or other substance into the snbterraneari zone. y ... 

System 10 includes a well bore 12 extending from the surface 14 lo a target coal 
seam 15. The weU bore 12 intersects, ptoetrat^ and continues belo^ the coal seam 15. 
5 The well bore 12 & lined with a suitable well basing 16 that terminates at te above the 
level of the coal seam 15. In FIGURE 1, Well bote 12 is illustrated substantially vertical; 
however, it should be tiriderstood that well bore 1 2 maty be formed at other suitable angles 
to accommodate siirface i4 char^terisiics ^d/or the geometric characteristics of the coal 
seam 15. ' jl •' •• •'• -:' :< ;: .V:':"-,< • ■ri : /..\^' : V 

10 The well bore 12 is logged either during or after drilling in order to locate the exact 

vertical depth of the coal seam 1 5 / As a- resu^/the coal seato 15 is/tiot missed in 
subsequent (Wlliiig operations and techniques used to locate the coal seam : 15 while 
drilling need not be employed. An enlarged cavity 20 is formed in the well bore 12 
proximate the coal seam 15. As described in more detail below, the enlarged cavity 20 

15 provides a junction for intersection of the well bore 12 by an articulated well bore used to 
form a subterranean well bore pattern in the coal seam 15. The enlarged: cavity 20 also 
prdvides a collection point for fluids drained frorh the CM^al seam 15 during production 
operations. ' " :i : " ! - ^y-j^i 

In oiie embodiment, the enlarged cavity 20 has a radius of approximately eight feet 

20 and a Vertical dimension which equals or exceeds the vertical dimension of the coal seam 
15. The enlarged cavity 20 is formed using suitable under-rearMng techniques and 
equipment; A portion of the well bore 12 continues below the enlarged cavity 20 to form 
a sump 22 for the cavity 20. 

An articulated well bore 30 extends from the surface 14 to the enlarged cavity 20 

25 of the well bore 12. The articulated well bore 3 0 includes a portion 32, a portion 34, and a 
curved or radiused portion 36 ihterronnectihg the portions 32 and 34. In FI0URE 1, the 
portion 32 is illustrated substantially vertical; however it should be understood that portion 
32 may be formed at any suitable angle relative to the surface 14 to accommodate surface 
14 geometric characteristics and attitudes and/or the geometric configuration or attitude of 

30 the coal seam 15. The portion 34 lies substantially in the plane of the coal seam 15 and 
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interstets thd enlarged cavity 20ofthe Well bore 12, M FIGURE 1, the plane of the coal 
seam 15 is illustrated substantially horizontal, thereby , resulting in a substantially 
horizontal portion 34; however, it should be understood that portion 34 may be, formed at 
V any suitable angle relative to the surface 14 to accommodate the geometric characteristics 
5 of the coal seam 15. . .... •■ ., . _ .. 

M the embodiment Ulustrated in FIGURE 1, the articulated well bore 3Q.is offset a 
f suificient distance lrom the well bore 12 at the surfac % 14 to perinit me large radius curved 
'v. .section 36 and any desired portion 34 to be drilled before intersecting the enlarged cavity 
% 20. To provide the curved portion 36 with a radius of 100-150 feet, the articulated weU 
10 ' bore 30 is offset a distance of about 300 feet from the, well bore, ; 12. This- spacing, 
mimmizcs the angle of the curved portion 36;to reduce Mction m the articulated bore 
; 30 during drilling operatiohs: As a result, reach of the articulated drill string drilled 
through the. articulated well bore 30 is maximized.. As discussed below, another 
embodiment of the present invention includes locating the articulated well bore 30 
15 significantly closer to the well bore 12 at the surface 14. 5 ; — 

The articulated well bore 30 is drilled using an articulated drill string 40 that 
includes a suitable down-hole motor and bit 42. A measurement while drilling (MWD) 
device 44 is included in the articulated drill string 40 for controlling the orientation and 
dfrectiono^ 

20 well bore 30 is lined with a suitable casing 38. • 
After the enlarged cavity 20 has been successfully intersected by the articulated 
. Well bore 30, drilling is continued through the cavity 20 using the articulated drill string 40 
and appropriate drilling apparatus to provide a subterranean well bore pattern 50 in the 
coal scam 15. In FIGURE 1, the well bore pattern 50 is illustrated substantially horizontal 
25 corresponding to a substantially horizontally illustrated coal seam 15; however, it should 
be understood that well bore pattern 50 may be formed at any suitable angle corresponding 
^ - to the geometric characteristics of the coal seam 15. The well bore pattern 50 and other 
such well bores include sloped, undulating, or other inclinations of the coal seam 15 or 
other subterranean resource. During this operation- gamma ray logging tools and 
30 conventional measurement while drilling devices may be employed to control and direct 
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the orientation of the drill Bit 42 to retain the well bore pattern 50 within the confinps of 
'^' : ' : -- : fhB'-coi^'seam 15 arid to provide siibstantially uniform coverage of a desired area within 

the coal seam IS; • . ■-■ ■ . . . . :; . • 

f ; During the probess of drilling the well bore pattern 50 ? <irill»g fluid or "mud" is 
5 pumped down the articulated drill string 40 and circulated out of the drill string 40 in the 

vicinity of the bit 42, where it is riS&tt to scour thfe resc^ to remove 

foliation cuttings. The cuttings are theri ^ 

through the aniiulus between the drill string 40 anid^ thejwdls of \yelj bom ^30 .until it 
reabKes the Wface 14, where the cuttings are r^<^edu^com thQ dWUi?^ and t}ie fluid 
10 ife then recirculated^ " This conventional dialling operation j^oduc^ ^ standard column of 
• drilling fluid having a vertical height equal to - the dep^ of the weH bore 30 and produces a 
■ hydfostatio^resst^ 

r:n\.. - coal seaihs tend to be porous and fractured, they may be unable to sustain such hydrostatic 
pressure, even if formation water is also present in the coal seam 15. Accordingly, if the 

15 full hydrostatic pressure is allowed to act on the, coal seam 15, the result may be loss of 
i drillmg fluid arid entrained cutting the foririation; Such a cncupostance is referred to 
as an "bver-balanced'V to operation in which the hydrostatic fluid pressure in the well 
bore 30 exceeds the abihiy of thb formation ? -tpV!Vj$CI|$b^d. .^^jixes^aret-- r Ix>^;o^3zil]ing 
fluidsin cuttings into the forination not 5 oidy^ is expensive in , terms of {he , lost drilling 

20 fluids, which must be made up, but it also tends to plug the pores in th^ coal sfeam 15, 
Which are needed to drain the coal seam of gas and water. 

To prevent over-balance drilling conditions during formation of the well bore 
pattern 50, air compressors 60 are provided to circulatie compressed air down the well bore 
12 and back up through the articulated well bore 30. The circulated air will admix with 

25 the drilling fluids in the annulus around the articulated drill string 40 and ^eate bubbles 
throughout the column of drilling fluid. This has the effect of lightening the hydrostatic 
pressure of the drilling fluid and reducing the down-hole pressure sufficiently that drilling 
conditions do riot become over-balanced. Aeration of the drilling fluid reduces down-hole 
pressure to approximately 150-200 pounds per square inch (psi). Accordingly, low 
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pressiore coal seams and other subterranean resources can be. dril^without substantial 
loss of drilling fluid and contamination of the resource by the drilling fluid. 

Foam, which may be compressed fr r w^ ^^W^,^^ & circulated 
down through the articulated: drffi string mj^^^<W^^ m order to ***** 
5 the drilling fluid ^ thfe annulus as &e, articulated well bore 30 is being drilled and, if 
r desired, ^ the well bore pattern 50 is being idriUed, Br^&# the, yell bo^pattem 50 

with,the use of an air hanmier bit or to 
■:,->■; compressed air or foam to the drilling fluid. In 4Jns c^^ic^essed^ or foam 

which is used to power me d^ 
10 in the vicinity of the drill bit 42,. However, ^ 
circuit 

generally is possible by air supplied through ^articulated drill spring 40- - ; V 

FIGURE 2 is a diagram illustrating system 10 for enhanced, access to a 
subterranean zone from a limited surfacearea in accordance with another embodiment of 
15 the present invention. In this embodiment, the Well bore . 12 y enlarged ,,c and 
. articulated/well bore : 30 are positioned and fotrned as previously described in connection 
with FIGURE 1. Referring to FIGURE 2, after intersection of the enlarged, cavity 20 by 
•,• the articulated well bore 30, a pump 52 is installed in the .enlarged cavity 20 to pump 
driUing fluid and cuttings to the surface 14 though the well bore 12. TMs eliminates the 
20 friction of air and fluid returning up the articulated wellborn 30 and reduces, dqwn-hple 
^ pressure to nearly zero: Accordingly, coal seams and other subterr^ 
■ ulhalowpressmesbelow lS^psi can be : aocc^,^^,«^;14..'^ti^fy. * e 
risk of combining air and methane in the well is elirninated, 

FIGURE 3 is a diagram iUustrating system 10 . in accordance with another 
v 25 ; embodiment of the present invention., In this embodiment after the well bores 12 and 30, 
): H , ^ well as well bore pattern 50, have been drilled, the articulated^ removed 
from the articulated well bore 30 and the articulated ,well bore 30 is capped. A down hole 
pumping unit 80 is disposed in the well bore 12 in the enlarged cavity 20. The enlarged 
cavity 20 provides a reservoir for accumulated fluids allowing intermittent pumping 
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without adverse effects of a hydrostatic head eaiised by accumulated fluids in the well 
bore 12. : \ ;#'« v - v r\ "r-^r"^ :J:r : ±':?i>. = yv-.-v ,,. ,1 . ... 

The pumping unit 80 is connected to the surface 14 via a tubing string 82 and may 
bd powered by sucker rods 84 extendn% down ^flii0i^. : l^-'^l] bore 12 of the tubing 
string 82 The sticker rods 84 ^l^iproe^ 

such as a powered walking beam 86 to operate the pumping unit 80. Th6 pumpitig unit 80 
is used to remove Water and eiitranied coal fineis from the coal seam 1 5 yiathe^U bore 
pattern 50; Onee the wate* is reinoved td the Surface 14, it may be treated fo^ separation 
bf methane ^MfeBftniiy be ^^tol^Sd-M-iS^ water and for r^Qvalof <^trai^^fi^es r After 
sufficient water bias been removed from .the coal seam ptire coal seam gas may be 
allowed to flow the annulus of the weU bote 12, around the 

tubing string 82 and reimdved Via piping attached to a wellbead apparatus. At the surface 
14; the methaiie is treated, compressed atid ptimped through a pipeline for use as a fuel in 
a conventional manner. Thfe jpiunping unit 80 may be operated continuoiisly or as needed 
to renibve water dr^ed from the coal seam 15 intb the enlarged cavity 20. 

FIGURES 4-6 are diagrams illustrating well- bore patterns 50 for ehhanced access 
to ^bterr^heath resources iii acbordance with embodiments of the pr^CTt mveiition. In 
these erhbodimenfe, the well bore patterns 50 comprise pinnate patterns that have a main 
or central well bore with generally symmetrically arranged an^^^ spaced 
lateral Well btfres extending frbm each side of the mMn well bore, The pinnate pattern 
approximates the pattern 6f veins in a leaf or the design of a feather in that it has similar, 
substantially parallel, auxiharyiwell bore bores arranged in substantially equal and parallel 
spacing on opposite sides of an axis. The pinnate well bore pattern with its main or central 
bore and generally symmetrically arranged and appropriately spaced auxiliary lateral well 
bore bores 6n eabli side provides a uniform pattern for draining fluids from a coal seam or 
other subterranean formation or for uniformly introducing a substance into the 
subterranean formation: As described in rdore detail beloW, the pinnate pattern provides 
substantially uniform coverage of a square, diamond, other quadrilateral, or grid area and 
may be spaced apart from each other for preparing the coal seam 15 for mining operations. 
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Twill be Waerstood M other suitable w^^ 

the present iiiventiori. . . . ..... . ^ ; 

The pinnate and other suitable well bore patterns driUed from, the ,surl>ce provide 
- s^face access to subterranean formations. ' The well, bore pattern, may be used to 
? ; uniforrnJy rem^ ah^r insert fluids br otherwise manipulate.a subterran<^ ; deposit. In, 

non-coal ^6«d^^^pa^^^ 7*5* «a^g ; in^tu^,,»huff- 
^ puff 1 sieam operations for heavy cmd^^o 

porosity reservoirs, . ■ " ' 1 ° 

nGtWE 4 is a diagram illustrati^^ a Well bore pattern 100 in accordance with an 
10 ^boaimetit of ^present invention. In Ms embodiment, me weU boye pattern 10Q, 
^ provided access to r 4 substantially m^ of a 

subterraneanVesoufce. A number of the well bore patterns lOOimay be^ed together to 
provide uniform access to a large -subterranean region. The artieulate^ well, bore 30 
defines a first Comer of the area 102,^The well bore pattern rlOOmclud^ a main well bore 
15 ? ; 104 extending diagoriaUy «s the a^l02 to a distant corner^ ©6; of the area.^. For 
K l dramage applications, the Well bores 12 and.30^ are positioned over the,area,102 ; such that 
the well bore 104 is driUea.up the slope Of the coal seam 15.v:Tms wiU facnitate collection 
of watery gasi' and other fluids from 104 is,drilled using the 

articulated drill string 40 and extends from the enlarged cavity 20 in alignment with the 
5 20 articulated well bore 30. • " ^ o • - ■■■^".?.K',}i ■ YC . \% 

A plurality of lateral well hbtesFliO extend: fi» the opposites sides.of well bore 
104 to a periphery 112 of the area 102, The lateral well bores 1 10 may mirror each other 
on opposite sides of the well bore 104 or may be offset from each omer along the well 
bore 104. Each of the lateral well bores 110 includes a radius , curving portion 114 
^5 extending from the well bore 104 and an elongated. portion 116 formed after the curved 
: ; portion 114 hasreache<l a desired orientation. For uniform coverage of the area 102, pairs 
oflateralwell bores 110 are substan^ 
• : ^ ex tehd from the well bore 104 at an angle of approximately sixty degrees. The lateral 
well bores 110 shorten in length based on progression away from the enlarged diameter 
30 cavity 20 in order to facilitate drilling of the lateral well bores 110. The quantity and 



WO 02/059455 PCT/US02/01325 

r, 12 

spacing of lateral Well b or es -110 may be varied to accommodate a variety of resource 
areas, sizes and well bore requirements. For example, lateral weU . bores 110 may be 
drilled from a single side of the w^U bore 104 to form a one 7 half piimate pattern. 

5" eril&ged canity using tttd articulated; drill string 40 and an appropriate drilling 
apparatus: During^his operatioii^ gamma ray logging topis ppnyentional measurement 
while drilimg technologies may bp employed, to control the direction and 

orientation of the drill bit so as to retain the well bore pattern 100 ; witto 
x $x6 coalsbani 15 aiid to ruaintain proper shaping, wd.qrientatiQn of ^ 104 and 

W IdteM wbll bores 1 in FIGlX^, 4, .the lateral, we^ 110 are ' 

configured such that a <^ or length of each later^ well bore 110 measured fiom the 
periphery 1 11 to ilte 6a^^ 20 or well >pres 12 o^ 30 is substantially equal, thereby 
f;^ 

In a paMbidkr einb^^ 1 04 is drilled with an incline at each of a 

15 pltinility of lateral Mck-bff points 108, After the weU bore 104 is complete, the articulated 
drill strmg ^40 is backed up^to each successive latei^ point 1 08 fr^m which a lateral well 
bore llO is Mllbd ^ each side of the weU bore I04 ir It shp^ the well 

bore j)^tteni TOO may -be otherwise sintably fp^ the present 

: invention. 1 - ! ; . •• - . ir/ . . r ... ... 

20 FIGURE 5 illustrates a well bore pattern 1 40 in accordance with another 

embodiment of the present invention. The : well bore pattern 140 includes three discrete 
vt&ti bore patterns 100 each draining a portion of a region 142 covered by the well bore 
pattein 140. Each of the well bore patterns 1 00 includes a well bore 104 and a set of 
lateral Well bores 1 1 0 extending from the well bore 104. In the tri T pinnate pattern 
2$ embodiment illiistrated i±i FIGURE 5, each of the^ well bores 1 04 and 1 1 0 are drilled from 
a coihmoii articulated well bore 1 44 and fluid and/or gas may be removed from or 
introduced into the subterranean zone through a -well bore 146 in communication with 
each well bore 104. This allows tighter spacing of the, surface production equipment, 
wider coverage of a well bore pattern and reduces drilling equipment and operations. 
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Each well bore 104 is formed at a location relative to other well bores 104 to 
accommodate access to a particular subterranean region. 5 Fot example, weU ; bores 104 
'-maybe formed having a spacing or a distance between adjacent -well bores 104 to 
, accommodate access to a SobtcWean -region such ^ that caily ttee^ well bores 1 04 are 
5 required:' thus, the spacing between adjacent well bores- 104 may be varied to 
; ? acconlmodate Varied cxmcenu^o^ zone. Therefore, the 

•' facing between adjacent well bores 104 may be; substantially equal or niay- vary to 
accommodate the unique characteristics' of ai particular .^ex^ean ^ource. For 

lb 104 ^ substantially equal at ah angle of approximately 120 degrees ,fiom each other> 
thereby resulting in each well bore pattern 100 extending in a direction, approximately 120 

" degrees from ah adjacent well bore pattern 100. However, other suitable well bore 
spacing angles, patterns or orientatiohsimay be used to accommodate the characteristics of 
a particular subterranean resource. Thus, as illustrated in FIGURE 5, each well bore 104 

15 and corresponaittg well bore pattern 100 extends outwardly from well bore 144 in a 
diffe^t dfrection, thereby forming a substantially symmetrical pattern. As will be 
illustrated in greater detail below, the symmetrically formed well bore patterns may be 
: - positioned or nested adjacent each ofoer to provide 'substantially uniform access to a 
subterranean zone. 

20 In the embodiment illustrated in FIGURE 5,- eacfr Well bore pattern 100 also, 

J includes a set of lateral well bores 148 extending from lateral well bores 110. The lateral 
wefl 

• be offset from each other along' the lateral well bore 110. Each of the lateral well bores 
' 148 mcludes a radius curving portion 160 extending from the lateral well bore 1 10 and an 
25 elongated portion 162 formed after the curved portion 160 has reached a desired 
y orientation. For uniform coverage of the region 142, pairs of lateral well bores 148 may 
be disposed substantially equally spaced on each side of the lateral well bore 110. 
' Additionally, lateral well bores 148 extending from one lateral well bore HQ may be 
disposed to extend between or proximate lateral well bores 148 extending from an 
30 adjacent lateral well bore 1 10 to provide uniform coverage of the region 142. However, 
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the 5 quantity, spacing, and: ^giilar orientation of lateral well bores 148 may be varied to 
aecdinibodate a variety of resource areas, sizes and well bore r^uirements. 

As described above in connection with FIpURE 4, each well bore pattern 100 
generally provides' acdeSs to a quadrilaterally shaped area or regioii 102. In FIGURE 4, 
the tegion 1 02 is' substantially in the forgot of a diamond or paraUelogramv As illustrated in 
FIGURE 5, the weU bore patterns 1C©, ^ arranged such feat sides 149 of each 
quadrilaterally shaped region 148 ^ substantially in ponampn with each pther to 

pro^detihifbiM^ , : - ,: 

FIGURE %iUi^trates an alignment or nested a^ patterns 
within a Mbt^ In 
this embodiment, three ^scr^ patterns 100. v are ; used, to form a series of 

geriemlly hexogonaily configured weH borepatterns I 50, for example, similar to the well 
bore pattern 1 40 illustrated in FIGURE 5. Thus, the well bore pattern 15Q comprises a set 
of well bore sub^pattetnsy such as well bore patterns 100, to obtain a desired geometrical 
configuration or access shape- The/vyell bore patterns 150 may be located relative to each 
other such that the wdl bpre p^ems 150 are iiested in a g.werally honeycomb-shaped 
arrangement* thereby m^imizing the area of access to a - subteirane^ resource using 
fewer well bore patterns 150. Prior to mining of {he suhtetr^qaiv^ bore 
patterns 150 may be drilled from the surface to degasify the subterranean resource well 
ahead of mining operations. \ . ••^.^W' •••• 

The quantity of discreet well bore patterns 100 may also be varied to produce other 
geometrically-configured well bore patterns such that the resulting well bore patterns may 
be nested to provide uniform coverage of a subterranean resource. For example, in 
FIGURES 5-6, three discreet well bore patterns 100 ar^ illustrated in coimnunication with 
a central well bore 104^ thereby, forming a six-jrfded or hexagbnally configured well bore 
pattern 140 and 1 50. However* greater or fewer than three discreet well bore patterns 100 
may also be used in cominimication with a central well bore 104 such that a plurality of 
the resulting multi^sided well bore patterns may be nested together to provide uniform 
coverage of a subterranean resource and/or accommodate the geometric characteristics of 
a particular subterranean resource. 
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FIGURES 7A and 7B illustrate a dual : radius articulated well system 200 for 
enhanced access to a subterranean resource from a limited surface area in accordance with 
another embodiment of the present invention., In this embodiment, the subterranean 
resource is a coal seam. It should be understood ■ ^^^ten^^^o^.^or 

■5 other low pressme, ultra-low pressure, and low porosity ^bterranean resources can be 
sinularly acceded using me dual radius articulated well system 20^ of; ;the ; present 

• invention to remove and/or produce water, hy^ 

> ' to freat minerals in the resource prior to whang oper^^^p^^P or *. ^ 
^ hrto the iubterranean zone. >:this embod^ent, toe, discreet well bore ; patterns are 
1 0 formed in communication with a single well bore. For ease of mustration, formation of a 
, single well bore pattern is described in conjunction with FIGURE 7 A; however, it should 
be understood that the formation of the well bore pattern maybe duplicated fpr forming 
■ the additionalw^ll bore patterns. • ; l> - 

FIGURE 7A is a diagram fflustrating a cross-sectional view of the system 200 in 
15 accordance- with an embodiment of the present invention. A well bore 210 extends from 
the surface 14 to a first articulated-well bore 230..,^ a 
- v -suitable well casmg 2=15 matter^ 

230. A second well bore 220 extends from the, intersection of the well bore 210 and the 
-~ first articulated well bore 230 toa second.articulatedwell;bore 235. Thq.second we U bore 
20 220 is in substantial alignment with the first well bore 210, such that together they form a 
■ continuous well bore. An extension 240 to me second well bore 220 ; extends frpm the 
■ intersection of the second well bore 220 and a second articulated well bpre r 235 tq a depth 
,,. b elow the coal seam 15, In FIGURE 7A, well bores 210 and 220 are illustrated 
substantially vertical; however, it should be understood that well bores 210 and 220 may 
25 be formed having omer angular orientations toracco 

15 ^geometric characteristics. , ' 

The first articulated well bore 230 includes a radius .portion 232.. The second 
articulated well bore 235 includes a radius portion 237, The radius .portion 237 is 
: generally sized smaller than radius portion 232 to accommodate intersection of the second 
30 articulated well bore 235 with the first articulated well bore 230. The first articulated well 
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bore 230 communicates with an enlarged cavity 250. The enlarged cavity 250 is formed at 
; the distal end of the first articulated well bore 230 at the level of the coal seam ; 15. As 
described in more detail below, the enlarged cavity 250 provides a junction for 
intersectioh of a subsurface channel or weU bore 225. 
5 In one embodiment, the enlarged cavity 250 is fonned having a radius of 

approximately eight feet and a vertical dimension which equals or exceeds the vertical 
dimension of the coal seam 15. The enlarged cavity 250 is fomied us^mg smtable jmder- 
reamihg techniques and equipment However, the enlarged cavity 250 may. be formed 
having other suitable geometric characteristics to acconmiodate fluid accumulation wimin 
10 me^ehlarged cavity 250. - . 'vVv. ^'-v^'i^';. .. 

The well bore 225 is formed at the intersection of the. second well bore 220 and 
; the second articulated well bore 235. The well bore 225 extends through the coal seam 15 
and into the.enlarged cavity 250. m FIGURE 7A, well bore 225 i is iUustrated substantially 
horizontal; however, it should be understood that well bore 225 may be formed at other 
15 an S ular orientations to accommodate the geometric characteristics of the coal seam 15. 
After the first articulated well bore 230 is formed, the enlarged cavity 250 is formed in the 
coal seam: After the enlarged Cavity 250 has been formed, drilling is continued through 
the cavity 250 to form a well bore pattern 50 in the coal seam 15. The well bore pattern 50 
andother such well bores include sloped, undulating, or other inchnations of the coal seam 
20 15 or other subterranean resource. During this operation, gamma ray logging tools and 
conventional measurement while drilling devices may be employed to control.and direct 
the orientation of drilling to retain the well bore pattern 50 within the confines of the coal 
seam 15 and to provide substantially uniform coverage of a deshed area within the coal 
seam 15. The well bore pattern 50 may include a pattern as illustrated in FIGURES 4-6; 
25 however, other suitable well bore patterns may also be used. Drilling mud and over- 
balance prevention operations may be conducted in the same manner as described in 
connection with FIGURES 1-3. 

After the well bore pattern 50 has been formed, the second Well bore 220 may be 
formed. As described above, the second well bore 220 is formed at the intersection of the 
30 first well bore 210 and the first articulated well bote 230. After the well bore 220 is 
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, drilled to the depth of the coal seam 15, the second articulated well bore 235 and the well 
* bore 225 are formed.: The second articulated well bore 235 is formed using conventional 
articmated- drilling tcchniqaes. The well bore 225 is formed using conventional drilUng 
teclmiques'and mterconnects the second well bore : .220. and me enlarged cavity 250 
5 through the second articulated well bore 235. Fluids collected from the weU bore pattern 
. r 50 flow through the.enlarged cavity 250 and along .the well bore 225 and are removed via 
, , the second well bbre 220 and,the first weU bore, 210 .to the surface 14. ^y drilling in this 
. manner, a substantial area of a subsurface formation may be drained or accessed from a 

small area on the surface. w.\ -<J-'' : 

1Q .., FIGURE 7B is a diagram illustrating a top plan view of system 200 illustrated in 

FIGURE 7 A in accordance with an embodiment of the present , invention. As illustrated in 
• : FIGURE 7B, each of mree articulated weU bores 230 and Well bores 225 extend from well 
, bore 210 hva position approximately,12q degrees apart from each other. Well bore 210 is 
drilled in a surface location at the approximate center of a desired total well bore area. As 
15 describedabove, articulated well bores 230 are drilled from a surface location proximate 
to.orincommonwiththeweUbore210. Well bore patterns 50 aredriUedwimin. the target 
, : subterranean resource from each articulated well bore, 230. Also from each of the 
,.. articulated well bores 230, an enlarged cavity 250 is formed to collect resources draimng 
... .. , fiom the well boreipattems 50. Each of three subsurface channel well Jores ; 225 xs 
20 drilled to connect each of the enlarged cavities 250 with the well bore 210 as described 
above in connection with FIGURE7A.., -,-u- 

. , : Resources from the target subterranean resource drain into well bore patterns 50, 
v . where theresources^ collected in the : enlarged cavities 250. From the enlarged cavities 
& 250, the resources pass through the well bores 225 and into the well bore 210. Once the 
m resources have been collected in the weU bore 210, they may be removed to me surface by 
^ the methods as described above. ? : 

FIGURE 8 ulustrates a well bore pattern 300 in the form of a pinnate pattern in 
accordance with another embodiment of ^ me present invention. In this embodiment, an 
articulated well bore 330 defines a first comer of an area 332 of the resource. The well 
30 bore pattern 300 includes a main well bore 334 extending diagonally across the area 332 to 
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a distant comer 336 of the area 332. Preferably, a well bore 320 and the articulated well 
bore 330 are positioned over the area 332 siicti that the well bore 334 is drilled tip the 
slope of the coal seam 15. This will facilitate collection of water, gas, and other fluids 
from the area 332. The well bore 334 extends from an enlarged cavity 322 in alignment 
with tlie articulated well b6to 330. *■'""" ^ ; 

A plurality of lateral well bora 340 Extend frdni the opposite^ sides of Ivell bore 
^34 to a periphery 342 of the area 332. The lateral well bores 340 may mirror each other 
on opposite sides of the well bore 334 or may bfe offset firoM each other along the well 
bore 334. Each of the lateral well bores 340 includes a first radius curving poition 344 
extending from the well bore 304, and ah elongated portion 346. The first set of lateral 
well bores 340 Ideated proximate to die cavity 322 may also include a second radius 
curving portion 348 formed after the &st curved portion 344 has reached a desired 
orientation. - M this set, the elongated portion 346 is formed after the second curved 
portion 348 has reached a desired orientation. Thus, the first set of lateral .well bores 340 
kicks or turns back towards the enlarged diameter cavity 322 before extending, outward 
throu^ the formation, thereby extending the well bore area back towards the cavity 322 to 
pro\dde uniform coverage of the area 332. For uniform coverage of the area 332, pairs of 
lateral welt bores 340 atre substantially evenly spaced on each side of 334 
and extend frbin the well bore 534 at an angle of approximately 60 degrees^ The lateral 
well bores 340 shorten in length based 6n progression away from the enlarged diameter 
cavity 322 in order to facilitate drilling of the lateral weh bores 340. 

The Weil bore 334 and the lateral well bores 340 are formed by drilling through the 
enlarged cavity 322 using the articulated drill string 40 and an appropriate drilling 
apparatus. During this operation, gamma ray logging tools and: conventional measurement 
while drilling (MWD) technologies may be employed to control the direction and 
orientation of the drill bit so as to retain the well bore pattern 300 within the confines of 
the coal seam 15 and to maintain proper spacing and orientation of the Well bore 334 and 
lateral well bores 340. In a particular embodiment, the well bore 334 is drilled with an 
incline at each of a plurality of lateral kick-off points 350. After the well bore 334 is 
complete, the articulated drill string 40 is backed up to each successive lateral point 350 
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. v frtmvMck a literal well -bore 340 is driUed,on each side of -the wdl bore 334. Itwillbe 
^• understood; that the pinnate well bore pattern 300 may be otherwise suitably formed in 
v accordance with the present invention.. . ... ; . .■ - 

Z- . FIGURE 9 is a diagram illustrating a plan view of a well bore pattern 400 in 
•5 accordance with an embodiment of the present invention. In Ais embodiment, well bore 
pattern 400 comprises two discreet well bore patterns 402 each providing: access to a 
. portion of a region 404 covered by , foe. weE bore pattern 400- ; Each of the well bore 
•I patterns 402 includes a well bore 406 and a setpf lateral y&^^f**^ &om 
: ,,. ffieweU bore 406,; fome embodiments^ borCS 406 

10, and 408 are drilled from a common articulated well bore.410 and fluid and/or gas may be 
■ removed from or introduced into the subterranean zone through a well, bore 412 in 
• conmaunicationwilh each well bore406. In this .embodiment, the well bores 410 and 412 
are illustrated offset from each. other; r however, it should be understood that well bore 
pattern 400 may also be formed using a common surface well bore configuration, such as 
15 illustrated in FIGURE -' 7 A. This allows tighter spacing of the surface production 
■ equipment, wider coverage of a well bore pattern and reduces drilling equipment and 



•■'.*'• "• operations^ ' '•.■■'.*■,:■- /^- ^v.-'^' ■■ " : . 

Referring to FIGURE 9, the well bores 406 are disposed substantially opposite 

: ^ each other at an angle of approximately ^degrees; thereby resulting in each well bore 

20 pattern 402 extending in an opposite dfrection^ifowever, other suitably well bore spacmg 

b <rf angles patterns or orientations may be used to acconmrodate the characteristics of a 

particular subterranean resource. In the embodiment illustrated in FIGURE 9, each well 

bore pattern 402 includes lateral well bores 408 extending from weU bores 406. Ifre 

. lateral well bores 408 may mirror each other on opposite sides of the well botes 406 or 

25 may be offset from each other, along the well bores 406- Each of the lateral well bores 408 

. includes a radius curving portion 418 extending from the well bore 406. and an elongated 

'•„„.; por tibn 420 formed after the curved portion 418 has reached a desired orientation. For 

> uniform coverage of the region 404, pairs of lateral well bores 408 may be disposed 

substantially equally spaced on each side of the well bore 406. However, the qnanhty, 

-30 spacing, and angular orientation of lateral well bores 408 may be varied to accommodate a 




\VOG2/059455 PCT/US02/01325 

20 

variety of resource aieas, sizfcs and well bore r&^emcmts. As described above, the 
lateral well bores 408 may be formed such that the, length of each lateral well bore 408 
decreases as the distance between each respective lateral well bore 408 and the well bores 
410 or 412 increases. Accordingly, the distance from the well bor^ 410 or 412 to a 
5 periphery of the region 404 along each lateral well bore 408 is sub^antially equkl- thereby 
providing ease of well t>ote formation. 

^ ttus embodiment, each Well bore pattern 402 generally provides access to a 
triaiigular shaped area or region 422. The triangular shaped regions 422 are formed by 
disposing the lateral well bores 408 substantially orthogonaltto the well ,bbres 406. The 

10 triangular shaped regions 422 are disposed adjacent each other such that, each regi<#i 422 
has a side 424 substantially in common with each other. The combination of regions 422 
'^ •"■ffidr^y foitnis' a substantiaUy quadrilateral shaped region 404- As described above, 
multiple well bdre patterns 400 may be nested together to provide substantially uniform 
access to subterranean zones. ^ 

15 FIGURE 10 is a flow diagram illuistrating a method for enh^ced access to a 

subterrane^' resource, such as a coal seam 15, in accordance with an embodiment of the 
present invention. In this embodiment, the method begins at step 500 in which ar^as to be 
drained arid well bore p^tterri^ for the are^ may 
i>e use*! to provide optimized coverage for the region. However, it should^ understood 

20; that otheir Suitable well bore patterns may also be nsed. r. ■ v r . • 

Proceeding to step 502, the first well bore 12 is drilled from the surface 14 to a 
predetermined depth through the coal seam 15. Next, at step 504, 4own hole Jogging 
equipment is utilized to exactly identify the location of the coal seam in the weU bore 12. 
At step 506, the enlarged cavity 22 is formed in the first well bore 12 at the location of the 

25 coal seam 15. As previously discussed, the enlarged cavity 20 may be formed by under 
feaining and other conventional techniques. 

At step 508, a second well bore 12 is drilled from the surface 14 to a predetermined 
depth through the coal seam 15. The second well bore 12 is disposed offset from the first 
well bore 12 at the surface 14. Next, at step 51 0, down hole logging equipment is utihzed 

3 0 to exactly identify the location of the coal seam in the second well bore 12. At step 512, 
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the enlarged cavity 22 is formed in the second well bore 12 at the location of the coal scam 
15: At step 514, a third well bore : 12 is drilled from the surface 14 to a . predetermined 
depth through the coal seam 15. The third well bore 12 is disposed offset for the first and 
: second well bores 12 at me surface. . For example, as described above the first, second and 
5 third well bores 12 may be disposed having an approximately 120 degree; spacing relative 
to each other and be equally spaced from a median location of a.well bore area, Next, at 
step 516, dovm hole lCggmg equipment is utu^ 

coal seam 15 in the third weU bore 12. Ms^ 5mm^e^^^M^^^^^ 
: third well bore 12 atthelocationof the coal seam 15. . ;K , '-'Kuf-'f. v'/;*;f.'-'- 

tO Next, at step 520, the articulated well bore 30 is drilled . to ; intersect the enlarged 

cavities 22 formed in the fifs^ second and third wefibpres; 12, At step 522, the well bores 
104 for the pinnate well bore patterns are drilled through the, articulated weU bore 30 into 
the coal scam 15 extending from each of the enlarged cavities. 20. After formation of the 
well bore 104, lateral bores 1 10 for the pinnate wefrhore pattern are drilled at step 524. 
15 Lateral well bores 148 for the pinnate well bore pattern are formed atstqv526.. 

■ At step 528, the articulated well bore 30 is capped. Next, at step 5.30,. the enlarged 
cavities 22 are cleaned in preparation for; installation of dow^ 
: The enlarged cavities 22 may be cleaned by pumping compressed ah down the first,, 
second and third well bores 12 or other suitable techniques. At step 532, production 
20 equipment is installed in the first, second and third, well bores 12. The production 
equipment may include a sucker rod pump extending down, into the, .cavities 22 for 
removmg water from me coal seam 15. The removal of wate^ 

coal seam and allow methane gas to diffuse and be produced up me annulus of .the first, 
second and third well bores 12. -(«.;• -.■.I'i'.is. .-■.-■>•;." 

25 Proceeding to step 534, water that drains from the well bore patterns into the 

cavities 22 is pumped to the surface 14. Water may be continuously or intermittently 
pumped as needed to remove it from the cavities 22. At step 536, methane gas diffused 
from the coal seam 15 is continuously collected at the surface 14. Next, at decisional step 
538, it is determined whether the production of gas from the coal seam 15 is complete. In 

30 one embodiment, the production of gas may be complete after the cost of the collecting the 
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gas exceeds the revenue generated by the : well. Hi pother, embodiment, gas may continue 
to be produced from the well until a remaining level ;of gas in the coal seam 15 is below 
required levels for mining operations. If production of thegais is not complete, the method 
returns to steps 534 and 536 in which water and gas; continue to be removed from the coal 
seam 15; Upon completion of production, the method proceeds , to step . 540 in which the 
production equipment is renloved. ; ■ "H^-^r-u,, . : . . .,. 

- Next^ at • decisional step 542; it is determined whether the;coal % seam 1 5 is to be 
further prepared for mining operatidhs. If the coal seam 15 is to ^e further prepared for 
mining operations, the method proceeds to step; 5^44,: wherewater and<other additives may 
be injected back into the coal seam 15 to rehydrate the coal seam 15 in order to minimize 
dtisti improve ^ 

If additional 5 preparation of Ae co^^^ the method 

proceeds from step 542 to step 546^: where the opal sekm;15;i$ inined. The removal of the 
coal from the coal seam 1 5 causes the mined roof to cave and fracture into the opening 
behind the milling process. The collapsed roof creates gpb jgas which may be collected at 
step 548 through the fbrs^ second and 

operations are not required to recover gob gas from a mined :'qqsfl;sp^vl5^>Sft^:S48 leads 
to the end of the process by which a coal seam 15 r is :efBciently degasified from the 
surface. Tbemethod provides a symbiotic relationship With the min^to remoy^ unwanted 
gas pridr -to mining and tb f ehydfate the coal prior to the mining process; - l v , w 

Although the present invention has been described with several embodiments, 
various changes and modifications may the suggested to one skilled in the art It is 
intended that the present invention encompass such changes and modifications as fall 
within the scope of the appended claims. 
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WHAT IS CLAIMED IS : 
v: y 1. A subterranean: well bore .pattern for: accessing an area of a subterranean 

zone from the surface, comprising: 

a first well bore extending from a surface well bore substantially defining a first 
5 ^ end of the area in the snbterranean zone to a. distant end of the area; and 

a plurality of lateral well bores extending outwardly from the fet well bore, 
wherein a distance from an end of a lateral well bore to the surface well bore is 
v substantially equal for each of the lateral well boresi, -..<.■ 

10 2 . The weU bore pattern of Claim 1, wherein the plurality of lateral well bores 

•comprises: • : " -.. : - i ^' t< \ ■ ; ■ 

a first set of lateral well bores extending outwardly from a first side? of the first well 

-. bore; and . •■'..•>.''>•■ - -ty- ■ - '■ -yi • 

a second set of lateral well bores, extending outwardly from a second side of the 

15 first well bore. : - : s*. 1 

3. The well bore pattern of Claim 2, further comprising a third set of lateral 
well bores extending outwardly from the first and second sets of lateral well bores. 

20 4. The well bore pattern of Claim 1, wherein the plurality of lateral.w.ell bores 

':,->• each extend to a periphery of the area. ■ _. *>' : ■ 

5. The well bore pattern of Claim 1, wherein each of the plurality of lateral 
well bores are substantially evenly spaced from each other. 

25 

6. The well bore pattern of Claim 1, Wherein at least one of the plurality of 
lateral well bores comprises: 

a first radiused portion extending from the first well bore; 
a second radiused portion extending from the first radiused portion; and 
30 an elongated portion extending from the second radiused portion. 
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7. The Well bore pattern of Claim 6, the second radiused portion 

extends toward the surface well bore. ,-. - 

5 8. The well bore pattern of Claim 1, wherein the area substantially comprises 

a qttadrilatetel, and whereiit the ends comprise distant endi of the quadrilateral. 

9. The well bore pattem of Claim 8 y whfeiein ^ach^the plurcdijy of lateral 
well bores extends to a periphery of the quadrilateral. 

10 '"• " ••■ ■■^ v; ? v ; . v .r ; . ^ , iV . ., .... ; { 

10. A method for accessing an area of a subterranean zone fiom ; the surface, 
bomptisirigf fr - ■■" " " o.v ■ 

forming a first well bore extending from a surface well bore substantially defining, 
a first end of the area M the subterranean zone to a distant end of the area; and 
15 forming a plurality of lateral well bores extending outwardly from the first well 

bore, wherein a distance from an end of a lateral well bore to the surface well bore is 
substantially equal for each of the lateral weH bores. c - 

1 1 . The method of Claim 10, wherein forming the plurality of lateral well bores 
20 comprises: : ; ' ; v.'?.- ■' : • . 

forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; and 

forming a second set of lateral Well bores extending outwardly from a second side 
of the first well bore. 

25 

12. The method of Claim 10, wherein forming the plurality of lateral well bores 
comprises: 

forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; 
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forming a second set of lateral well bores extending outwardly from a second side 

of the first well bore; and 

forming a third set of lateral well bores extending outwardly from the first and 

second sets of lateral well bores. ^ • ' ' 

13. The method of Qaim 10, wherem foraring the plurality of lateral well bores 
comprises extending each of the plurality of lateral well bores to a periphery of the area. 

14, The method of Claim 10, wherem forming the plurality of lateral well bores 
10 comprises disposing each of the plurality of lateral well bores substantially evenly spaced 

from each other. 

:-. I5e-. The method of Claim 10, wherein forming at least one of the pluraUty of 
lateral well bores comprises: _■• . , 
15 forming a first radiused portion extending from the first well bore; 

;,, forming a second radiused portion extending from the first radiused portion; and 
u , forming an elongated portion extending from the second radiused portion. , 

16. The method of Claim 15, wherein forming the second radiused portion 
20 comprises extending the second radiuses portion toward me surface well bore, 

. ... i7. The method of Claim 10, wherein forming the first well bore and the 
plurality of lateral well bores comprises disposing the first well bore and the pluraUty of 
lateral well bores to form a substantially quadrilateral area, wherein the ends of the first 
25 well bore comprise distant end of the quadrilateral area. 

18. The method of Claim 17, wherein forming the pluraUty of lateral well 
bores further comprises extending each of the lateral well bores to a periphery of the 
quadrilateral area. 

30 
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19. The method of €1^ 10^ wherem forming the plurality of lateral well bores 
comprises: 

forming a first set of literal well bores extending outwardly from a'first side of the 
first well bore; and 

5 forming a second set of lateral well bores extending outwardly from a second side 

ofthe first well bore, the sdcohd side opposite froiri the first side. 

20. The method of Claim 19, wherein forming the first and second sets of 
lateral well bores comprises fbrniiiig each of the first set of lateral; well bores opposite a 

1 6 corre^ondirig brie of the second set t^f lateral well bores. s 

21 . A system for accessing a subterranean zone from the surface, comprising: 

a first ^ bore, the first well bore 

pattern forming a first substantially quadrilateral area; and 
15 a second well bore pattern extending from the surface well bore; the second well 

bore pattern forming ^ second Substantially quadrilateral area, and wherein a first side of 
the first quadrilateral #ea is di^ side of the 

second quadrilateral area. 

20 22: system of Clmin 21, wherein each of the first and second well bore 

patterns comprises: 

a first well bore extending from the surface well bore, the first well bore extending 
from a first end to a distant end of a respective quadrilateral area; and 

a plurality of lateral well bores extending outwardly from the first well bore. 

23. The system of Claim 22, wherein a distance from an end of a lateral well 
bore to the surface well bore is substantially equal for each of the lateral well bores. 

24. The system of Claim 21, wherein each of the first and second well bore 
30 patterns comprises: 
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a first well bore extending from the surface well bore, the first wefr bore extending 
from a first end to a distant end of a respective quadrilateral area; 

first set of lateral well bores extending outwardly from the first well bore; and 
second set of lateral well bores extending outwardly from the first set of lateral 



i a 
a 

well bores. 



25. The system of Claim 21, wherein each of the first and; second well bore 

patterns comprise: ■• . rv 

a first wellbore extending from the surface well bore, me first weU bore extending 
10 from a first end to a distant end of a respective quadrilateral area; and A 
a plurality of lateral well bores extending outwardly from the first well bore, each 
of the plurality of lateral well bores substantially equally spaced apart from each other. 

26. The system of Claim 21, former comprising a third well bore pattern 
15 extending from the surface well bore, the third well bore pattern forming a third 

, , substantially quadrilateral area, and wherein a first side of the third quadrilateral area is 
disposed substantially in common with a second side of the first, quadrilateral area., 

27. The system of Claim 21, wherein each of foe first and second well bore 

20 patterns comprise: " , - ; 

a first well bore extending from the surface well bore, the first well bore extending 
7 from a first end to a distant end of a respective quadrilateral area; and 

a plurality of lateral well bores extending outwardly from the first well bore, a 
« length of each of the lateral well bores decreasing as a distance from a respective lateral 
25 well bore and the surface well bore increases. 

28. A method for accessing a subterranean zone from foe surface, comprising: 
forming a first well bore pattern in the form of a first substantially quadrilateral 
area, foe first well bore pattern extending from a surface well bore; and 
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forming a second weU bore pattern in the form of a second substantially 
quadrilateral area, the second well bore pattern extending jfrom the surface well bore, and 
wherein a first side of the first quadrilateral area is disposed substantially in common with 
a first side of the second quadrilateral area. 

5 

29. The method of Claim 28, The system of Claim 21, wherein each of thefirst 
and second well bore patterns comprise: 

a first well bore extending from the surface well bore, the first well bore extending 
from a first end to a; distant end of a respective quadrilateral areaf and 
10 a plurality of lateral well bores extending outwardly from the first well bore. V 

30. The method of Claim 22, wherein forming the plurahty of lateral weU bores 
comprises forming the lateral well bores such that a distance from an end of a lateral well 
bore to the surface well bore is substantially equal for each of the lateral well bores. 



15 



20 



31. The method of Claim 28, wherein forming each .of the fi^/arid second well 
bore patterns comprises: .,„,...■ . t .^ . 

forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to a distant end of a respective quadrilateral area; 

forming a first set of lateral well bores extending outwardly from the first well 
bore; and ; 

forming a second set of lateral well bores extending outwardly from the first set of 
lateral well bores. 



25 32 * The method of Claim 28; wherein forming each of the first and second well 

bore patterns comprises: 

forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to a distant end of a respective quadrilateral area; and 
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forming a plurality of lateral well bores extending outwardly from the first well 
bore, each of the plurality of lateral well bores substantially equally spaced apart from 
each otheir. : V 

33. The method of Claim 28, further comprising forming a third well bore 
pattern in the form of a third substantially quadrilateral area, the third well bore pattern 
extending from the surface well bore, and wherein a first side of the third quadrilateral 
area is disposed substantially in common with a second side of the first quadrilateral area. 

34 The method of Claim 28, wherein forming each of the first and second well 

bore patterns comprises: 

- forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to : a distant end of ^ respective quadrilateral area; and 

forming a plurality of lateral well bores extending outwardly from the first well 
15 bore, a length of each of the lateral well bores decreasing as a distance from a respective; 
lateral well bore and the surface well bore increases. 

35. A system for accessing a subterranean zone from the surface, comprising: 
a surface well bore extending from the surface to the subterranean zone; and 
20 a plurality of well bore patterns disposed within: the subterranean zone each, 

extending in a different direction from the surface well bore, the plurality of well bore: 
patterns symmetrically disposed -about the surface well bore: > 

36. The system of Claim 35, wherein each of the plurality of well bore patterns 

' 25 ; comprises: 

a first well bore extending outwardly from the surface well bore; and 

a plurality of lateral well bores extending outwardly from the first well bore. 

37: The system of Claim 36, wherein the lateral well bores are disposed 
30 substantially evenly spaced apart from each other. 



WO 02/059455 



PGT/US02/01325 



30 



38. The system of Claim 36, wherein a length, of a respective lateral well bore 
decreases as a distance from the respective lateral well bore to the surface well bore 
increases. 

5 " - • " . - ; • 

39. The system of Claim 36, wherein a distance from each of the lateral well 
bores to the surface well bore is substantially equal; 

40. The system of Claim 35, wherein each of the plurality of well bore patterns 
10 forins a substantially quadrilateral shape. 

41. The system of Claim 35, wherein each of the well bore patterns comprises : 
a first well bore Extending from the surface well bore; 

a first set of lateral well bores extending outwardly from a first side of the first well 
15 bore; and 

a second set of lateral well bores extending outwardly from a second side of the 
first well bore. 

42. The system of Claim 41^ wherein each of the ^^fi is 
20 disposed opposite a Corresponding one of the second set of lateral well bores. 

43. A method for accessing a subterranean zone from the surface, comprising: 
forming a surface well bore extending from the surface to the subterranean zone; 

and 

25 forming a plurality of well bore patterns disposed within the subterranean zone 

each extending in a different direction from the surface well bore, the plurality of well 
bore patterns symmetrically disposed about the surface well bore. 
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44. The method of Claim 43, wherein forming each of the plurality of well bore 
patterns comprises: 
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fonning a first well bore extending outwardly from the surface well bore; and 
forming a plurality of lateral well bores extending outwardly from the first well 
bore. . • • • ■■ • • 

. 45; The method of Claim 44> wherein forming thfe lateral well bores comprises 
disposing each of ihe lateral well bores snbstantiaHy ev^y ^aced apart;from each other. 



46. The method of Claim 44, wherein forming the lateral well bores comprises 
forming each lateral well bore such that a length of the lateral well bore decreases as a 
10 distance from the respective lateral well bore to the surface well bore increases, 

47: The method of Claim ,44> wherem formmg me lateral weU^ 
forming each of the lateral well bores such that a distance from each of the lateral well 
bores to the surface well bore is substantially equal. 

15 . ::- ' v; ; 

< v 48: The method of Claim 43, wherein forming each of the plurality of well bore 

patterns comprises forming each of the pluraUty of well bore patterns haying a 
substantially quadrilateral shape; 

20 49. The method of Claim 43, wherein forming each of the well bore patterns 

comprises: v ■ «'••'> 

forming a first well bore extending from the surface well bore; - 
forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; and 

25 forming a second set of lateral wellbores extending outwardly from a second side 

of the first well bore. 

50, The method of Claim 49, wherein forming the first and second sets of 
lateral well bores comprises forming each of the first set of lateral well bores opposite a 
30 corresponding one of the second set of lateral well bores. 
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51 . A system for accessing a subterranean zone from the surface^ comprising: 

a first well bore pattern disposed within the subterranean zone extending from a 
first surface well bore; and 
5 a second well bore pattern disposed within the subterranean zone extending from a 

second surface \vell bore, the first and second Well bore patterns configured to nest 
adjacent each other within the subterranean zone. 

52. The method of Claim 51^ wherein each of the first and second well bore 
10 patterns comprises: ■> • ... ...v • ■>:;.-. 

a first well bore extending from a respective surface well bore; and 

a plurality df lateral well bores extending outwardly from the first well bore. 

53. The system of Claim 51, wherein each of the .first and second well bore 
1 5 patterns comprises : 

a plurafity of a respective surface well 

bore; and " " : /*: .. ■ 

a plurality of lateral well bores extending outwardly from each of the plurality of 
main well bores. 

20 - ^"W:-" - -' -.o- r ■ ■ ... v,,, ^' 'V /■• , vv f ■ 

54. The system of Claim 53, wherein the plurality of main well bores are 
symmetrically disposed about the respective surface well bore. 

55. The system of Claim 53, wherein a length of each of the lateral well bores 
25 decreases as a distance between the respective lateral well bore and a respective surface 

well bore increases. 



56: The system of Claim 51, wherein each of the first and second well bore 
patterns comprises: , 
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a plurality of main well bores extending outwardly from a respective surface well 

..i: bore; 

a first set of lateral well bores extending outwardly from a first side of each of the 

plurality of main well bores; and 
5. a second sctof lateral well bores extending outwardly from a second side of each 

of the main well bores. , v" • :. . .. 

57. The system of Claim 56, wherein each of the first set of lateral well bores is. 
disposed opposite a corresponding one of the second set of lateral well bores, 

io . . ; _ • 

58. A method for accessing a subterranean zone from the surface, comprising: 
fomiing a first well bore pattern extending from a first surface well bore and 

disposed within the subterranean zone; and 

forming a second well bore pattern extending from a second surface well bore and 
15 disposed Wiethe subterranean zone, the first and second well bore patterns arranged to 
nest adjacent each other within the subterranean zone. 

59. The method of Claim 58, wherein forming each of the first and second well 

bore patterns comprises: • ■>;>*••■ ■ ■ 

20 forming a first well bore extending from a respective surface weU b0re; and. 

forming a plurality of lateral well bores extending outwardly from the first well 
• bore. 1 .■ 

60. The method of Claim 58, wherein forming each of the first and second well 

25 \ bore patterns comprises: 

forming a plurality of main well bores extending outwardly frorn a respective 

surface well bore; and 

forming a plurality of lateral well bores extending outwardly from each of the 

plurality of main well bores. 

30 
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61. The method of Claim 60, wherein forining the pltirality of main well bores 
comprises forming the plurahty of main well bores symmetrically disposed about the 
respective surface well bore. ; , ^ 

5 62. The method of Claim 60, wherein forming the lateral well bores comprises 

forming each of the lateral well bores having a length that decreases as a distance between 
the respective lateral well bore and a respective surface well bore increases. 

63. The method of Claim 58, wherein forihing eabh of ^eftet and second well 
10 bore patterns comprises: 

forihing a plurality of main well bores extending ; outwardly from a respective 
surface well bore; ; .. 

forming a first set of lateral well bores extending outwardly; from a first side of 
each of the plurality of main well bores; and 
15 forming a second set of lateral well bores extending outwardly from a second side 

of each of the main well bores. \ 



64. The method of Claim 63, wherein forming each of the first set of lateral 
well bores comprises forming each of the first set of lateral Well bores opposite a 

20 corresponding one of thd second set of lateral well bores; • 

65. A method for accessing a subterranean zone from the surface, comprising: 
forming a first well bore extending from the surface to the subterranean zone; 
forming a second well bore extending frorh the surface to the subterranean zone, 

25 the second well bore intersecting the first well bore at a v junction proximate the 
subterrainean zone; 

forming a well bore pattern within the subterranean zone extending from the 
junction using a drill string extending downwardly through the second well bore; 

supplying drilling fluid downwardly through the drill string to remove cuttings 
30 generated by the drill string; and 
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: minimizing down-hole pressure within the subterranean zone by pumping the 
... . drilling fluid and the cuttings to the surface through the first well bore. 

66. The method of Claim 65, wherein forming the second well bore comprises 
5 forming the second well bore offset from the first well bore at the surface. 

X ! 67. The method of Claim 65, wherein forming the second well bore comprises 
; ' forming the second well bore extending from the first well bore at a location between the 
surface and the subterranean zone. 



0 



15 



68. The method of Claim 65, wherem forming the Well bore pattern comprises: 
forming a main well bore extending from the junction; and 

forming a plurality of lateral well bores extending outwardly from the main well 



bore. 



69. The method of Claim 65, wherein fonning the well bore pattern comprises: 
forming a main well bore extending from the junction; 

forming a first plurality of lateral well bores extending outwardly from the main 
well bore; and 

20 forming a second plurality of lateral well bores extending from the first plurality of 

lateral well bores. 

70. The method of Claim 65, wherein forming the well bore pattern comprises: 
forming a main well bore extending from the junction; and -\ 

25 forming a plurality of lateral well bores extending outwardly from the main well 

bore, a length of each of the lateral well bores decreasing as a distance from the respective 
lateral well bore and the junction increases. 

71. Te method of Claim 65, further comprising forming an enlarged cavity at 
30 the junction of the first and second well bores. 
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